The API Staph-Ident system was evaluated as a means for identifying the species of bovine strains of staphylococci routinely isolated from quarter-milk samples. The species identity of 314 of 581 (54%) isolates of staphylococci was correctly determined by this method. The API Staph-Ident system was more accurate in correctly identifying Staphylococcus alureus (93.9%) than in correctly identifying non-S. auireus species (41.8%). False identifications of Staphylococcus epidermidis and Staphylococcus hominis were the main reasons for the incorrect identifications of the non-S. auireus species.
of reports have described the incidence of coagulase-negative staphylococci in infections (1, 3, 7-9, 20, 23) . Studies in our laboratory have shown elevated somatic cell counts in milk samples containing coagulase-positive and coagulase-negative staphylococci species that could not be classified according to the descriptions given for the three species listed in Bergey's Manual or by the identification scheme of Kloos and Schleifer (13) for human staphylococci isolates.
Miniaturized biochemical test systems have been developed for the rapid identification of several groups of microorganisms. A 24-h system utilizing 20 for staphylococci by API System, S. A. Montalieu-Vercieu, France (3) . In late 1981, Analytab Products, Plainview, N.Y., introduced the API Staph-Ident system which permits the determination of 10 biochemical characteristics after incubation for 5 h. The system is capable of distinguishing all of the human staphylococci species described by Kloos and Schleifer (13) plus two species of veterinary interest, Staphylococcuis hyicus and Staphylococcus intermediiis. Between 80 and 96% agreement has been shown between the Staph-Ident system and the biochemical identification scheme of Kloos and Schleifer (13) for clinical staphylococci isolates (1, 7, 8, 17) . The purpose of this investigation was to evaluate the API Staph-Ident system for use in the identification to species level of staphylococcal isolates from bovine milk samples. STAPH (9) ; coagulase activity with citrated EDTA rabbit plasma (24) ; production of heat-sensitive (19) and heat-stable (18, 19) nuclease; lysostaphin susceptibility (19) ; type of growth in thioglycolate medium (9) ; alkaline phosphatase activity with p-nitrophenyl phosphate (0.495 mg/ml; Sigma Chemical Co.); growth on Trypticase soy agar containing 7.5, 10, and 15% NaCl (16); nitrate reduction (24) , and production of acetylmethylcarbinol (24 Approximately 29% of the isolates tested were identified as S. epidermidis by the API StaphIdent system compared with 4.3% by conventional biochemical tests. The API Staph-Ident system identified 7.1% of the isolates as S. hyicus compared with 39.4% by the biochemical tests. The API system is unable to differentiate the subspecies within S. hyicus. Therefore, the value in Table 1 includes both S. hyicus and S. hyicus subsp. chromogenes.
The biggest problem encountered in this study was the false identification of S. hyicus and S. hyicus subsp. chromogenes as S. epidermidis. Only 24 of 171 S. epidermidis isolates (14%) were correctly identified by the API Staph-Ident Approximately 78% of the isolates (451) yielded profiles that were included in the profile register of the manufacturer. The remaining 130 isolates were identified by the API computer center. Unless additional tests were recommended for the identification of a species, the species with the highest probability of occurring for a profile was used to identify the isolate. Percentages of species requiring the use of the API computer center for their identification were: S. warneri subsp. 1 (100%), S. warneri (96%), 5 . haemolyticus (45%), 5. sciuri (25%), S. hominis (22.2%), S. epidermidis (18.7%), S. hyicus (17.1%), S. simulans (16.7%), and S. aureus (1.6%).
The number of API four-digit profiles obtained from each species ranged from 2 for S. capitis and S. saprophyticus to 19 for S. xylosus. The number of profiles that gave correct species identification ranged from 0 for S. capitis to 16 for S. xylosus.
The S. aureus isolates that were correctly identified had seven different code profiles, with 7740 (64.5%), 7700 (16.1%), 5700 (8.9%), and 5740 (7.3%) accounting for all but three isolates. One S. aureus isolate with profile 3500 was identified by biochemical tests as a coagulasenegative S. hyicus. The 11 isolates with API code profiles for S. capitis (0040 and 0240) were identified as S. hominis, S. simulans, S. haemolyticus, S. hyicus, and S. warneri. Of the 147 S. epidermidis that were incorrectly identified, (1440) . All API code profiles correctly identified as S. hominis also had isolates that were identified as S. hyicus (2040, 2440, and 2400), S. simulans (2040), and S. epidermidis (2000) .
The identification of S. warneri (96%) and S. warneri subsp. 1 (100%) was based on assistance from the API computer center. API code profiles 6440 and 6640 were identified biochemically as S. warneri and S. hominis, whereas 6660 was identified as S. warneri subsp. 1 and S. hominis. API code profiles 7440, 6400, and 4500 were found to be S. hyicus and S. hominis rather than S. warneri. S. simulans was found to have the same API code profile as S. xylosus (6421). S. xylosus with API code profiles 7601 and 7701 were found to be coagulase positive and negative for xylose utilization. These isolates were identified as S. aureus.
A summary of the percentages of isolates in each species, as determined by conventional biochemical tests, giving positive results for each of the biochemical tests in the API StaphIdent strip and the additional test for coagulase activity is given in Table 3 . The API strip is unable to differentiate the subspecies within S. hyicus. For comparison purposes, we divided the isolates identified as S. hyicus into those that were nonpigmented (S. hyicus) and pigmented (S. hyicus subsp. chromogenes). Based on our results, the percentages of positive reaction for the biochemical tests in the API strip differ between S. hyicus and S. hyicus subsp. chromogenes, and values tended to be similar for S. epidermidis and S. hyicus subsp. chromogenes. S. warneri and S. warneri subsp. 1 are combined in the table. The main difference between the two is that 100% of the isolates identified as S.
warneri were negative for ,3-glucuronidase, whereas 100% of the isolates identified as S. warneri subsp. 1 were positive. Percentages of positive reactions obtained for the biochemical tests in the API strips tended to be similar to the values reported by Kloos and Wolfshohl (17) and the manufacturer of the API Staph-Ident system for S. aureus, S. epidermidis, S. sciuri, S. warneri, and S. xylosus. Some minor differences obtained were negative results for alkaline phosphatase (S. simulans and S. xylosus), MNE utilization (S. haemolyticus and S. simulans), and ,-glucuronidase (S. haemolyticus and S. hyicus) and higher positive results for urea utilization (S. hyicus), 0-glucosidase (S. hyicus and S. simulans), MNE utilization (S. hominis), and arginine utilization (S. hominis and S. warneri).
Lower positive results were obtained for urea utilization (S. hominis), ,B-glucosidase (S. hyicus), MNE utilization (S. hyicus), and TRE utilization (S. haemolyticus, S. hyicus, and S. simulans). Some of the differences obtained may be due to the small number of isolates in some species.
DISCUSSION
A simple, rapid, and accurate method for determining the species identities of bovine isolates of staphylococci would have value in identifying species associated with varying degrees of clinical severity of bovine mastitis and with elevated somatic cell counts. Such a method would permit the veterinarian to rapidly determine the Staphylococcus species responsible for mastitis rather than having to submit samples to an animal diagnostic laboratory for analysis.
The purpose of this study was to determine the accuracy of a rapid, miniaturized biochemical system (API Staph-Ident) that was designed for use with human clinical isolates as a means for identifying the species of bovine isolates of staphylococci.
The accuracy that we obtained in correctly identifying bovine isolates as S. aureus (93.9%) by the API Staph-Ident system was similar to the values reported in studies with human isolates (1, 7, 8, 17) . However, owing to our low accuracy in correctly identifying non-S. aureus species (41.8%), the overall accuracy of 54% that we obtained for the 581 bovine isolates tested was much lower than the 80 to 96% reported by other researchers for human isolates (1, 7, 8, 17) . The proportion of particular species comprising the isolates being tested will affect the percentage agreement between the API Staph-Ident system and conventional biochemical tests. Our highest agreements were obtained for sources that gave a majority of isolates that were identified as S. aureus. The lowest agreements were obtained for sources that gave a variety of non-S. aureus species (especially S. hyicus subsp. chromogenes).
False identifications of the non-S. aureus species by the API system were due to incomplete color changes, especially with MNE and TRE. After 5 h of incubation, the color of some sugars was red-orange or orange, and slight color changes were observed for alkaline phosphatase, P-glucosidase, and P-glucuronidase. Ac- cording to the directions of the manufacturer for the interpretation of results, these color changes are to be considered negative. Unlike the results of Doern et al. (7) , incubation for an additional 19 h did not result in positive color changes. In fact, many times the color of a sugar changed back to the original red color. Our overall accuracy would have approached the values reported in other studies if we had considered some of the incomplete color changes positive rather than negative. This would have been especially true for the incomplete color changes obtained for MNE and TRE by S. hyicus and its subspecies. Our study indicated that unless positive reactions are definite for the biochemical tests of the API Staph-Ident system, problems will be encountered in the proper identification of some species (S. epidermidis, S. hyicus, S. hyicus subsp. chromogenes, S. haemolyticus, and S. hominis) of bovine origin. Based on our experience with bovine isolates, some type of color chart would be helpful in standardizing the test, especially in deciding when to record an incomplete color change positive. The color chart may be more useful with nonhuman isolates, since reactions of nonhuman isolates appear more variable. The color change for a reaction to be considered positive for the API Staph-Ident system may depend on the source of the isolate.
The reason for the large number of false identifications of non-S. aureus species by the API Staph-Ident system is unknown. One problem may be the use of a system designed for the rapid identification of human isolates to identify bovine isolates. Differences in biochemical characteristics between human and bovine isolates may result in different rates of substrate utilization after 5 h of incubation. As a result of these differences, code profiles are obtained that correctly identify human isolates but incorrectly identify bovine isolates.
Methods currently being used to control mastitis may affect some of the biochemical characteristics used for the identification of staphylococci. Weckback and Langlois (26) found significant differences between some biochemical characteristics of isolates from teats routinely dipped after each milking with an iodophor teat dip and those not dipped. Biochemical characteristics normally associated with staphylococci and used in their identification were affected by the teat dip. They did not indicate whether the differences were due to the effect of the teat dip on the organisms or to the selection of populations in the dipped teats that differed biochemically from the nondipped teats.
Like our study, other studies (7, 8, 17, 23 ) also used the biochemical identification scheme of Kloos and Schleifer (13) for human isolates to evaluate the accuracy of the API Staph-Ident system. Except for Kloos and Wolfshohl (17) , other researchers (7, 8, 23) used human isolates to evaluate the API Staph-Ident system. Therefore, the other studies did not encounter false identification of S. hyicus and S. hyicus subsp. chromogenes as S. epidermidis. This is not surprising since both S. hyicus and S. hyicus subsp. chromogenes are considered to be primarily associated with animals (6) . Both species have been isolated from cows with mastitis (6) . The percentages of positive reactions for the biochemical tests in the API Staph-Ident strip tended to be similar for S. epidermidis and S. hyicus subsp. chromogenes (Table 3 ). The biggest differences were for TRE and arginine utilization. Since S. hyicus subsp. chromogenes is common to bovine milk and gives reactions similar to S. epidermidis on the API strip, it is not surprising that false identifications were obtained. To prevent false identifications of bovine isolates, additional tests (DNase, VogesProskauer, maltose utilization, ribose utilization) are necessary to correctly identify S. hyicus and its subspecies. Our percent agreement between the API Staph-Ident system and conventional biochemical tests was markedly improved when we used one or more of these tests with the API Staph-Ident system. The code profiles obtained were similar to those reported by others (7, 17) . The majority of S. aureus isolates yielded a 7740 profile (64.5%). The most common profile for S. epidermidis was 3040 (64%); however, based on biochemical tests, 89.5% of the isolates with a 3040 profile were identified as S. hyicus. Likewise, the 7040 profile observed most frequently for S. epidermidis by Doern et al. (7) generally was found in our study to be S. hyicus. Other code profiles obtained were similar to those reported by Kloos and Wolfshohl (17) .
The results of this study indicated that S. aureus of bovine origin could be accurately identified by the API Staph-Ident system. However, only 41.8% of the non-S. aureus species were correctly identified. Since several non-S. aureus species have been associated with mastitis and elevated somatic cell counts, the API Staph-Ident system as it is currently manufactured or used for clinical human isolates appears to be of limited value in determining the identity of non-S. aureus species of bovine origin.
